Austroeupatorium inulifolium has become a ferocious invader over the years in many ecosystems in the wet zone of Sri Lanka, including the grasslands of the Knuckles Conservation Area (KCA). Two field studies were conducted to assess the impacts of Austroeupatorium invasion on the diversity and composition of the plant communities. In the first study, three habitat categories were identified: less-invaded grassland (LIG), highly-invaded grassland (HIG) and the forest-grassland edge (FGE) adjacent to HIG. In the second study, two transects were selected that run across the FGE bordered by less or highly invaded grasslands (FGE-LIG and FGE-HIG). At each community, 5 linear quadrats (12 m x 3 m) were laid parallel to the FGE at different distances away from the edge to the forest interior and the open grassland. Each quadrat was further sub-divided into 3 quadrats. Three such transects were studied for each community. In both studies, the vegetation less than 2 m in height was enumerated. The stem density and abundance of Austroeupatorium were significantly higher in HIG and FGE compared to LIG. However, the plant community at FGE was less diverse than that of HIG and LIG. Tree saplings were observed only in the HIG, suggesting its favourable conditions for their establishment. The abundance of Austroeupatorium was markedly reduced towards the forest interior, suggesting that the FGE acts as a barrier against invasion towards the forest. The tree sapling abundance decreased from the forest interior towards the open grassland but the abundance was higher in transects bordered by HIG than by LIG. This suggests a facilitative effect on the forest tree regeneration potential under the Austroeupatorium canopy. The invasion may have led to improved microclimatic and edaphic conditions, which perhaps facilitated the tree seedling establishment and survival in the forest interior as far as 10 m away from the FGE. Current findings depict positive impacts of Austroeupatorium-invaded grasslands on the forest regeneration process. Therefore, it is time to explore the positive effects of exotic species, especially when they colonize highly degraded landscapes, rather than generalizing that all invasive species cause detrimental impacts on every landscape.
INTRODUCTION
Throughout the tropics, large expanses of forests have been fragmented into small, isolated forest patches mainly due to anthropogenic activities. Abrupt forest edges expose forest interior to external influences, making forests vulnerable to external impacts. The biotic and abiotic factors and their interactions along these forest edges are termed as 'edge effects' (Murcia, 1995) . Significant compositional changes have been shown to occur in the understory vegetation over time along these edges (Harper and Macdonald, 2002) . Such alterations may eventually cause significant impacts on the inherent structure and composition of these forest patches.
Microclimatic parameters (light intensity and duration, soil and air temperatures, wind action, relative humidity) along these forest edges vary widely compared to the forest interior (Lovejoy et al. 1986; Brothers & Spingarn 1992) . Such changes could affect plant communities that survive in the forest interior as well as along forest edges. Studies have reported greater tree mortality rates, changes in vegetation structure and reduction in woody seedlings (BenitezMalvido, 1998; Laurance, 2000; Honnay et al., 2002) , alien plant invasions (Saunders et al., 1991; Brothers and Spingarn, 1992; Pauchard and Alaback, 2006) , and loss of biodiversity (Gascon et al., 2000; Laurance et al., 2002; Harper et al., 2005) due to edge effects.
Alien invasive species alter ecosystem structure and function dramatically (Vitousek et al. 1997) . Invasion of non-forest species into forest interiors is considered as one of the most negative ecological consequence of edge effects (Lin and Cao 2009 ). The forest edge can act as a potential starting point for invasion of alien plant species into less-disturbed forest interior (Honnay et al. 2002; Cadenasso and Pickett, 2001; Borgmann and Rodewald, 2005; Pauchard and Alaback, 2006) . This situation could even become more severe when the forest edge is bordered by a highly invaded landscape. However, studies have shown that invasive plants are often unable to percolate deep into the forest interior as they require high light and nutrients that are best provided along the edge environments (Watkins et al., 2003 and Pauchard and Alaback 2006) . Others suggest that the chance of spreading nonforest species into forest interior depend on the edge characteristics and the type of adjoining landscape (Brothers and Spingarn 1992) . Smaller forest fragments are more vulnerable to species invasion than are larger fragments (Raghubanshi and Thripathi 2009). A study in Vindhyan dry deciduous forests in India observed a clear decreasing trend in density and species richness with increasing Lantana cover (Sharma, 2007) . Hobbs and Huenneke (1992) pointed out that the increase in plant richness along edges due to fragmentation is an appealing consequence from the perception of conservation management. However, studies also demonstrated that groups of plants that inhabit edge communities are mainly belong to alien invasive, weedy, disturbance-tolerant and pioneer forest species (King and Buckney, 2001; Honnay et al., 2002; Gehlhausen et al., 2000; Oosterhoorn and Kappelle, 2000) , rather than forest tree species. It is also noted that the decreasing patch size along with increasing borderline length may enhance the degree of influence from the adjoining vegetation type (Jacquemyn et al., 2001 , Devlaeminck et al., 2005 . The degree of influence is even more critical when the forest stand is bordered by agricultural lands (Cadenasso and Pickett 2001, Honnay et al., 2002) . Therefore, it can be hypothesized that bordering landscape can have a decisive impact on the edge characteristics and their associated influence on the vegetation structure and composition.
Over the last few years, many landuse types in the Knuckles Conservation Area (KCA) have been rapidly invaded by Austroeupatorium inulifolium, a known invasive shrub worldwide (Hsu et al., 2006) . From these different landuse types, the degraded grasslands are the most vulnerable for the Austroeupatorium invasion. However, the coverage of Austroeupatorium invasion is highly variable on these grasslands, where some areas (near Pitawala patana) are highly invaded while others sparsely invaded. The cause of this uneven distribution is not known. In KCA, the lowermontane forest remnants are often demarcated by these highly degraded, invasive grasslands. Field observations verify that these forest-grassland boundaries are noticeably invaded by Austroeupatorium, indicating a possibility of expanding its range into the forest interior. In spite of well known negative impacts of exotic invasions, some positive feedbacks of such invasions on highly degraded landscape can also be speculated. Providing a thick cover to these exposed highly degraded grasslands may have improved the micro-habitat conditions thereby facilitating the establishment of forest tree species. This study investigated how an edge between lower-montane forest and an adjacent grassland invaded by Austroeupatorium could influence the structure, richness, abundance and composition of the forest undergrowth across forest-grassland edges. The following questions guided our research: (1) Does Austroeupatorium invasion alter the vegetation structure and composition of the forest interior and the grassland? (2) Does Austroeupatorium invasion in the grassland favour forest expansion towards the grassland?
MATERIALS AND METHODS

Field sites and Sampling design
All field sites were selected from Riverston and Pitawala areas located within KCA. Two vegetation studies have been carried out. In the first study, three different plant communities were identified based on the extent of Austroeupatorium invasion: less-invaded and highly-invaded grasslands (hereafter termed as LIG and HIG respectively), and forest-grassland edge (FGE) located next to a HIG. The sites have not been affected by fire in recent years. In each of these three communities, six 4 m 2 quadrats (2 quadrats from 3 blocks) were used to enumerate their vegetation (a total of 72 m 2 area was sampled for all three plant communities). The quadrats in the LIG and HIG communities were randomly placed approximately 30 m away from forest remnants nearby, while in the FGE community the quadrats were placed within a 5 m range from the forest-grassland edge. In each quadrat, all plants less than 2 m in height were recorded and identified to their species level. The cover values were also recorded for most dominant species.
In the second study, six transects (2 from each block) from two grassland communities (less-and highly-invaded grasslands) bordering the lowermontane forest patches were sampled (hereafter termed as FGE-LIG and FGE-HIG respectively). In each transect laid across the forest-grassland border, 5 linear quadrats (3 m x 12 m) were placed parallel to the FGE at different distances; 0 (edge), 5 and 10 m away from the edge towards the grassland and towards the forest interior (Figure 1 ). Each 36 m 2 quadrat was further divided into three sub-plots (3 x12 m 2 ), where all plants less than 2 m in height were enumerated. A total of 540 m 2 area was sampled from each forest-grassland edge community.
The percentage cover and density of each plant species (belonged to different life forms such as tree saplings, shrubs, herbs and graminoids) was recorded.
Data analysis
All data were subjected to normality test before applying statistics. The General Linear Model (GLM) was used to analyze data, considering distance as a fixed factor. Mean separation was done using Tukey's test. Data was analyzed using Minitab version 16.
RESULTS
Field study 1
As envisaged, stem density and number of individuals of Austroeupatorium were significantly higher in the HIG and FGE habitats than that in the LIG habitat (F = 3.89; P < 0.05; F = 3.62: P < 0.05 respectively; Table 1 ).
Percentage cover values too showed a similar trend: the HIG and FGE values being significantly higher than the LIG values (F = 4.10; P < 0.05). However, average plant height of Austroeupatorium did not vary significantly among the three sites (Table 1; A total of 30 species in 20 families were identified in the highly-invaded grassland (HIG), while 21 species in 14 families were indentified in the lessdensely invaded grasslands (LIG) and in the forest-grassland edge (FGE), 14 species in 9 families were identified. Tree saplings (Symplocos cochinchinensis, Eleagnus sp., Maesa indica and Marcaranga peltata) were found only in the HIG community. The number and proportion (% relative to species richness per community) of exotic invasive species was 4 (13%) in the HIG community, 2 (10%) in the LIG community and in the FGE community only 1 (7%), viz., Austroeupatorium.
Fifteen species that were recorded in the HIG were absent in the other two habitats, including The abundance of all life forms, except tree saplings, was significantly higher in the FGE community compared to either of the Austroeupatorium-invaded grasslands, LIG and HIG (Figure 2 ). In contrast, species richness in each life form group showed no significant difference among the three plant communities. However, the Shannon-Weiner Diversity Index was higher in HIG compared to that of LIG and FGE habitats (Table 1 ). In spite of the low plant abundance, LIG showed greater diversity than in FGE (Figure 1 and Table1).
Field study 2 Austroeupatorium invasion from grassland to the forest interior
In both forest-grassland boundary communities (FGE-LIG and FGE-HIG), Austroeupatorium abundance increased towards the open grassland, and this trend was highly evident in the FGE-HIG community than in the FGE-LIG community (Figure 3) . Furthermore, the forest interior of the less-invaded grasslands had fewer Austroeupatorium individuals (only one individual at -10 m distance) in contrast to forest remnants bordered by highly-invaded grasslands.
Vegetation composition
During the survey, 6,361 individuals were recorded in transects bordered by highly-invaded grasslands (FGE-HIG) and 3,479 individuals across FGE-LIG. Of the 6,361 individuals, 430 (6.7 %) were tree saplings, 780 (12.3%) shrub, 3645 (57.3%) herbaceous and 1506 (23.8%) graminoids were observed in FGE-HIG. These individuals represented 46 species: 14 tree-, 8 shrub-, 21 herbaceous-and 3 graminoid species. In the FGE-LIG, the 3,479 individuals represented 182 (5.2%) tree saplings, 964 (27.7%) shrubs, 1677 (48.2%) herbs and 656 (18.8%) graminoids; these plants belonged to 37 different species: 11 tree-, 7 shrub-, 15 herb-and 3 graminoid species (Appendix 1). Of the tree saplings encountered in FGE-LIG (182) and FGE-HIG (430) communities, a majority were found in quadrats laid in the forest interior (76 and 88% respectively), while edge quadrates had 20 and 9% and grassland quadrats had 4 and 3% respectively (Figure 4) . The tree sapling distribution was highly patchy in the open grassland. Of the 964 and 780 individuals of shrub species in FGE-LIG and FGE-HIG respectively, 59% were encountered in the open grasslands at FGE-LIG, and 55% was in the FGE-HIG. In contrast to tree saplings, in both habitats, a majority of individuals of herbaceous and graminoid species were encountered in open grasslands.
In both FGE-LIG and FGE-HIG communities, the abundance of tree saplings showed an increasing trend from open grassland towards the interior of the forest ( Figure 5 , ANOVA: F = 17.31, p ≤ 0.001). Interestingly, this trend was more conspicuous at FGE-HIG than in FGE-LIG. At FGE-HIG, the tree sapling abundance was significantly higher at -10 m than that of FGE-LIG (ANOVA: F = 10.71, p = 002).
In contrast to the trends observed with tree saplings, the shrub abundance showed an increasing trend away from the forest-edge towards the open grassland in both habitats ( Figure 5) . However, the shrub abundance showed no significant difference between the two habitat categories at different distances (ANOVA: F = 1.04, p = 0.312). Even though no significant differences were observed, the forest fragments bordered by LIG had higher abundance of shrubs towards the open grassland compared to the forest bordered by highly-invaded grasslands.
(A) (B)
Correspondingly, both herbs and graminoids also increased towards the open grassland. The abundance of herbaceous plants was greater in the FGE-HIG than in the FGE-LIG, with a significant difference at 5 m (ANOVA: F = 9.62, p = 0.003). Herbs and graminoids showed drastic reductions in their abundance from the forest-grassland edge towards the interior of the forest and this effect was more pronounced at the FGE-HIG than at the FGE-LIG.
Abundance of graminoids was significantly higher in the grassland transects of the FGE-HIG than those in the FGE-LIG community, but decreased towards the forest interior in both communities (ANOVA: F = 13.28, p ≤ 0.001). All life forms except shrubs showed significant interaction effect between habitat and distance. Tree sapling species richness showed a similar trend to its abundance across the forest-grassland edge in both plant communities. In FGE-HIG, tree sapling species richness was significantly higher at -10 m distance compared to that of FGE-LIG community (ANOVA: F = 27.51, p ≤ 0.001).
In both plant communities, tree sapling richness decreased from the forest interior towards the open grassland, and this tendency was more marked in the FGE-HIG (Figure 6 ). Though not significant, the species richness of herbs, shrubs and graminoids were greater in the grassland than in the forest interior in both habitats. Apart from -5 m distance, both habitat types showed almost comparable shrub richness across the forestgrassland boundary. The richness of graminoids was significantly higher in the open grassland at FGE-HIG, and then a marked decline towards the interior of the forest (ANOVA: F =.9.87, p = 0.002 for Habitat and F = 26.8, p ≤ 0.001 for distance).
The abundance of endemic, native and exotic species in the understory vegetation of the forest interior was lower compared to their corresponding values in the open grassland ( Figure 7) . However, the abundances of native and exotic species were significantly higher in the HIG than those of LIG. In contrast, abundance of endemic species was significantly higher in the LIG compared to HIG.
Species richness of natives, exotics (including Austroeupatorium) or endemics showed no significant differences at the forest-grassland edge whether bordered by LIG or HIG. However, native species richness were higher in the forest interior bordered by HIG compared to the forest patches bordered by LIG. A similar trend was observed for exotic species ( Figure 7) . As for the abundance values, endemic species richness showed higher values in the open grasslands lessinvaded by Austroeupatorium than that in the highly-invaded grasslands. Figure 6 . Richness of (A) forest saplings, (B) shrub, (C) herb and (D) graminoids at different distances away from forest-grassland edges across less-and highly-invaded grasslands FGE-LIG and FGE-HIG respectively). Asterisks above columns indicate the level of significance (* p < 0.05; ** p < 0.01 and *** P < 0.001) between the two habitat categories at each distance. The significant differences between distances were not marked to enhance the clarity of the graph. The study was performed at the Knuckles Conservation Area, Sri Lanka.
DISCUSSION
In Field Study 1 we observed a clear difference in the extent of Austroeupatorium invasion in Cymbopogon-dominated grasslands at KCA. In spite of similarities observed in the extent of Austroeupatorium spread in the FGE and HIG communties, the forest-grassland edge (FGE) had the most populous vegetation among the three plant communities studied. Despite its low plant abundance, the HIG had the highest diversity, compared to that of the other two communities, indicating the positive influence of the Austroeupatorium invasion on the vegetation diversity in the grassland. This claim is further supported by the presence of tree saplings found only in the HIG community and absent in the HIL and FGE communities.
Dense growth of Austroeupatorium may have provided a shielding effect against intense radiation and heat loading which is otherwise common in open grasslands, thereby possibly facilitating colonization by other species. This kind of 'nurse effect' by rapidly growing invasive species has been observed by other workers (Parrotta and Turnbull, 1997; Lugo, 2004) . Higher plant abundance at FGE community is probably due to more favourable micro-climatic conditions for plant growth compared to that in the open grasslands. However, regardless of low plant abundance, the HIG community showed the highest diversity among other communities studied indicating its regeneration potential through enhanced micro-habitat conditions. An earlier soil seed bank study on the same grasslands at KCA reported a limited woody plant emergence (Gunaratne et al., 2010) . They also showed that 85% of seedlings that emerged in the grasslands are confined to < 10 m from the forest edge. Similar scenario is also observed by a study in Columbia (Aide and Cavelier, 1994) . In favour, the present study also showed similar results that plant abundance is highest at the FGE, but with less diversity compared to the Austroeupatoriuminvaded open grassland communities (LIG and HIG). Higher woody seedling abundance at forest-pasture edges have been reported in a study south of Brazil (Fontoura et al., 2006) and elsewhere in the tropics (Kapos, 1989; Baldi, 1999) . They attributed this trend to increased light intensities at the edge, as most woody species are light-demanding. However, in the present study, the edge vegetation is mostly dominated by shrub-, herbaceous and graminoid species, but not tree saplings. Several workers have also documented continuous alterations in plant community composition along forest edges (Gehlhausen et al., 2000; Fontoura et al., 2006) .The vegetation studied across forestgrassland boundaries bordered by high-and lessinvaded grasslands registered a clear pattern of changes in the plant communities 10 m towards the forest interior and 10 m towards the open grassland, possibly influenced by the intensity of Austroeupatorium invasion. These changes across the forest-grassland boundaries are most evident with tree-, herb-and graminoid species than with shrub species. Tree sapling abundance and species richness increased towards the interior of the forests adjacent to highly-invaded grasslands. This again implies the positive influence of Austroeupatorium invasion on tree sapling establishment in these forest remnants at KCA. In both communities, FGE-LIG and FGE-HIG, tree sapling density declined with increasing distance from the forest edge towards the open grassland. Similar observations have also been noted by several other workers (Ranney et al. 1981; Palik and Murphy 1990; Wales 1972; Brothers and Spingarn 1992; Brothers 1993; Fraver 1994) . Our results showed that Austroeupatorium invasion favoured native species abundance in the open grassland. In contrast to present findings, Collier et al. (2002) showed that the native species abundance and richness decreased under the canopy of the invasive shrub, Lonicera maackii. . Austroeupatorium showed a gradual decline towards the forest interior and this observation was more conspicuous in the FGE-HIG community. Our results indicate that there is a potential for Austroeupatorium to invade into the forest, at least to a 10 m distance from the forest edge. This invasion potential is higher in grasslands bordered by HIG than by LIG. The short depth of penetration and abrupt decline in Austroeupatorium and other non-forest species in edge understorey vegetation suggest that the forest edge acts as a barrier for invasion to some extent. Brothers and Spingarn (1992) reported a similar observation in a study carried out in forest fragments of Central Indiana, USA, and suggest that the invasion is been discouraged by the dense wall of the bordering vegetation which reduces interior light levels and wind speed. Others also observed that invasion of non-forest species from an open field towards the forest is relatively low, suggesting that high density of vegetation cover at the forest edge could function as a physical barrier, limiting the arrival of wind-dispersed seeds into the forest (Cadenasso & Picket 2001 , Honnay et al. 2002 Fontoura et al. 2006) . However, Austroeupatorium being a lightdemanding shrub, has fewer chances to invade beyond 10 m within the forest interior.
The higher tree sapling abundance and species richness in the forest interior of the FGE-HIG, support the hypothesis that Austroeupatorium cover favors tree sapling establishment rather than suppressing it. Furthermore, we also observed a high negative correlation between the Austroeupatorium abundance and tress sapling abundance across the forest-grassland boundary at HIG (R 2 = -0.94). This too substantiates the positive influence of Austroeupatorium cover on tree seedling abundance in these forest remnants contiguous with grasslands. Favourable microclimatic and edaphic conditions following Austroeupatorium invasion may be the driving force towards forest tree establishment in the forest interior as well in the open grassland. Shade and high soil moisture are considered as primary determinants for seedling establishment and survival according to a field experiment carried out in a Californian grassland (Kennedy and Sousa, 2006 ).
The present study showed that native species abundance was significantly higher in the open grassland, than in the edge and in the forest interior bordered by highly-invaded grasslands compared to the forests bordered by less-invaded grasslands. The light-demanding exotic species also showed a similar tendency in the open grassland. However, both natives and exotics showed higher species richness in the forest interior than at the edge and the open grassland, where the grasslands highly invaded by Austroeupatorium were richer than of the lessinvaded grasslands. This further supports that the Austroeupatorium invasion has some facilitative effect on native species establishment in the forest interior. Similar increases in species richness following invasions have been noted elsewhere in the world (Stohlgren et al., 1999; . Leger (2008) too showed that native species tend to adapt in invaded communities through rapid and contemporary evolution, confirming their ability to evolve in response to the presence of invaders. Austroeupatorium invasion in the present study has altered the vegetation structure and composition of the immediate vicinity of these forest-grassland edges. Interestingly, endemic species abundance and richness were higher in the open grasslands less-invaded by Austroeupatorium than by HIG. The higher abundance of endemics in open grasslands than in the edge and the forest interior is mainly due to the presence of large population of Osbeckia octandra, an endemic shrub present in degraded areas exposed to light close to forest patches.
Forest encroachment into grasslands has been noted as a favoured mechanism in grassland restoration. Higher abundance of vegetation along the forest-grassland ecotone can protect tree seedlings from grazing, and also alter the surrounding environment to create a more suitable microhabitat for establishment. The main factor that favours tree species encroachment into Mediterranean grasslands has been identified as shrubs acting as 'safe sites' which are ideal areas for seed establishment (Kuntsler et al. 2007) . Such facilitation can take place in different forms including resource modification, substrate modification, protection from herbivores and concentration of propagules for pollination (Callaway, 1995) . Studies also have shown that shading of grassland plots has resulted in increased growth of seedlings of different species (Siemann and Rogers, 2003) , while other studies conclude that shade alone is not sufficient for survival or increased growth of seedlings (Kennedy and Sousa, 2006) . However, one of the most important mechanisms of facilitation is the alleviation of stressful microhabitat conditions (Callaway, 1995) . Present results suggest that Austroeupatorium invasion has a facilitative effect on the tree seedling establishment in these highly degraded grasslands possibly through an enhanced shading effect or else through improved edaphic conditions, or both. As grasslands typically represent a very stressful environment for seedling establishment, facilitation is of critical importance during the early stage of succession (Kennedy and Sousa 2006) . The present findings imply that the Austroeupatorium invasion has a facilitative effect towards seedling establishment not only in grasslands close to the forestgrassland edge, but also in the immediate forest interior, thus eventually catalyzing forest encroachment towards these highly degraded grasslands.
Therefore, it is imperative to carefully consider the beneficial effects of invasive species on degraded lands, which could be used as a cost-effective restoration strategy to convert these grasslands back to forested land.
